In this paper, VSTPV, was recruited as a novel set of structural and topological descriptors derived from principal component analysis (PCA) on 85 structural and topological variables of 166 coded and non-coded amino acids. By using partial least squares (PLS), we applied VSTPV for the study of quantitative structure-activity models (QSARs) studies on two peptide panels as 101 synthetic cationic Antimicrobial polypeptides (CAMELs), and 28 bovine lactoferricin-(17-31)-pentadecapeptides (LFB). The results of QSARs models were superior to that of the earlier studies, with squared correlative coefficient R 2 and cross-validated Q 2 of 0.783, 0.656; and 0.864, 0.793, respectively. So, VSTPV descriptors were confirmed to be competent to extract information on 85 structural variables and to relate with biological activities.
Predicting the Activity of Antimicrobial Peptides with Amino Acid Topological Information
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INTRODUCTION
The overuse of antibiotics has led to the alarming increase of pathogenic bacterial resistance, it is necessary to develop new therapeutic agents which could overcome the resistance problem [1] . Antimicrobial peptides (AMPs), a family of host-defense peptides, have drawn significant attention as a possible source of novel class of antimicrobial agents [2, 3] . Cationic AMPs belong to the innate immune system and host defense mechanism of a wide range of living organisms [4, 5] . Cationic AMPs are believed to select target bacterial cells while remain nontoxic and high selectivity to the host due to preferable charge interactions between the dense population of negatively charged lipids on bacterial cell surfaces and the cationic side chains of the peptides [6] [7] [8] [9] [10] . The large groups of AMPs share some common feature such as 10 to 40 amino acids length, net positive charge, amphipathicity and helical or cyclic structure [11] [12] [13] . AMPs hold several compensatory advantages including fast killing, broad range of activity, low toxicity, and minimal development of resistance in target organisms [3] . They were attracted considerable pharmacological interest in the design and application of new drugs. With the exploitation and development of new drug, quantitative structure-activity relationship (QSAR) has been brought into the spotlight, the QSAR technology has more recently been implied in antimicrobial peptide (AMP) design with a handful of studies on different peptide libraries [14] .
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The essence of QSAR is to express the relation of structural features and biological activities, structural representation is the key to success for QSAR. Since the pioneering work of peptide QSAR were proposed by Sneath [15] based on physicochemical semi-qualitative data for natural amino acids, a number of quantitative peptide sequence have been put forward in past several years [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] . In particular, recent development in QSAR field of peptides was the use of amino acid "z-scores" including the hydrophilicity (z1), bulk (z2) and electronic (z3) properties [17] , and Collantes et al [20] had established two computable 3D descriptors, Isotropic Surface Area (ISA) and Electronic Charge Index (ECI), on the base of three-dimensional structural characters of amino acid side chains. The z-scores and ISA-ECI descriptors have proven to be powerful for modeling a variety of biological activities of small peptides with good results. However, these descriptors methods are also limited, as useful descriptors are only available for the coded amino acids. Nevertheless, on account of non-coded amino acids ubiquity in nature and their important actions for structural alteration and polypeptide modification, especially for recent development of peptidomimetics, it was convinced that only QSARs on structural representation of 20 coded amino acids and related peptides is quite difficult to meet subject development. Sandberg [21] extended Z scales to 87 amino acids including 20 coded amino acids. However, few reports were shown because the structure of non-natural amino acid is of diversity and its property data are very difficult to collect by experiments. Herein, based on our previous researches [22] [23] [24] [25] [26] , via performing principal component analysis on 85 structural variables of 166 amino acids, a novel vector of structural and topological variables (VSTPV) was proposed in this context. Many studies have indicated that various theoretical method or computational tools developed in AMPs. QSAR approaches may contain Artificial Neural Networks [27] , MLR Analysis [28] , Linear Discriminant Analysis [29] , Logistic Analyses [30, 31] , partial least square method [32, 33] , Principal Component Analysis and k-means Cluster method [34] . One of the major challenges in modeling methods is the curse of dimensionality, in which the dimension of input descriptors is much higher than the number of observed samples, and many QSAR models are unable to generate statistically significant decision boundaries. In some cases, the results allowed the authors to introduce novel QSAR methods for AMPs. Genetic algorithms and partial least square (GA-PLS) [35, 36] is a popular modeling tool, which is combining GA as a powerful optimization method and PLS as a robust statistical method for variables selection.
According to a recent comprehensive review [37] , to develop a really useful statistical predictor, the following procedures were needed to consider: (i) benchmark dataset construction or selection, (ii) protein sample formulation, (iii) operating algorithm (or engine), (iv) anticipated accuracy, and (v) web-server establishment. In this paper, 6 appropriate VSTPV descriptors were used to characterize the AMPs. Then accordance with the above process, QSAR analysis was performed by PLS method. The results of 2 robust models of 101 CAMELS and 28 bovine lactoferricin-(17-31)-pentadecapeptides showed that the VSTPV descriptors will be useful in structure characterization and activity prediction of biological molecules.
PRINCIPLE AND METHODS

Structure of Amino Acid and VSTPV Descriptors
One hundred and sixty six amino acids were collected from the references [19, 21, [38] [39] [40] [41] [42] [43] (with molecular names shown in Table 1 , and molecular structures as For a set of peptide analogues, the chemical structure would be now characterized by describing each varied amino acid position with 6 VSTPV values. For example, the chemical structure of di-peptide would be described by 12 (6 2) variables. Thus, a set of peptide sequences varied in n positions can be described by 6 n variables.
PLS Modeling and Variables Selection
Partial least square regression (PLS) is a widely used modeling method, which can avoid harmful effects in modeling due to multicollinearity, and is particularly fit for regression when the number observation is less than the number of variables. PLS regression combines basic functions of regression model, PCA and canonical correlation analysis [45, 46] . The validity and stability of the model were also reached by the internal and external model validation [47] , "leave-one-out'' (LOO) cross-validation was performed to validate the model.
In a QSAR data set, not all the structural descriptors were relevant to biological activity, those redundant descriptors should be deleted from the model in order to promote its predictive capability. Stepwise multiple regression (SMR), and genetic algorithm (GA) were used for Variable selection. GA-PLS as a popular variables selection tool, which is a sophisticated hybrid approach combining GA as a powerful optimization method with PLS as a robust statistical method for variables selection [35, 36] . GA Parameters were set as follows: the number of population was 200, the maximum number of generations was 200, the generation gap was 0.8, the crossover frequency was 0.5, the mutation rate was 0.005, and the fitting function was Q 2 cv . In case of small number of variables, SMR should be the optimal method because it is less time consuming and easily to implement. GA-PLS and SMR were implemented by Matlab6.5, and SPSS 13.0, respectively.
RESULT AND DISCUSSIONS
QSAR Model for CAMELs
101 cationic AMPs called CAMELs were collected from Cherkasov and Jankovic [48] . These compounds with rich leucine represent derivatives from the hybrid polypeptide CAMEL0 previously created by the respective fusion of the C-and N-terminus sequences of natural peptides Cecropin and Melittin. Experimental evidence has indicated that the CAMELs present high activity against various strains of Gram-positive and Gram-negative bacteria. The minimal inhibitory concentrations for the series of 101 CAMEL-s against the listed microorganisms have been previously averaged to produce the mean antibiotic potency parameters [34] . Rational representation for the structures of 101 cationic AMPs was implemented by VSTPV, each AMP sequence with 15 amino acid residue was represented by the concatenation of 90(6 15) VSTPV descriptors. To validate prediction power of the model, the 101 samples were sorted from low to high ranking based their bioactivity, then the third, the sixth, the ninth… samples in group were chosen to unite into the test set(marked as "*" in Table 2 ), and remains are training set sample. The optimal PLS model of training set was obtained by GA-PLS techniques. 
Analysis on Statistical Model
The results showed that a two-component PLS model with 32 variables (v2, v7, v10, v13, v14, v15, v16, v19, v22,  v23, v30, v31, v32, v33, v34, v35, v36, v37, v40, v42, v47,  v55, v56, v58, v59, v61, v70, v71, v76, v79, v82, v85) explained 72.7% of the sum of squares in Y-variance with a predictive ability of 65.6% for training set. Correlation coefficient (R 2 ), cross-validated (Q 2 ), Root Mean Square Error for estimation (RMS), and Q ext 2 of test set of the optimal PLS model were 0.727, 0.656, 0.985, and 0.535, respectively. Twenty times permutation and cross validation rounds for the response of R Fig. (2) . presents the plot of u1 against t1 in the PLS model (t1 and u1 indicate the first principal component in the X and Y scoring space, respectively), different biological activities for three marking symbols: triangle marks samples with the potency was greater than 4, while circle marks samples with the potency between 2 and 4, and square marks samples with the potency was less than 2. It could be seen that dipeptide bioactivity is distributed with increasing of degrees from left side to right side assembling together for the CAMEL-s with closely biological activities.
PLS regression Coefficients and VIP are summarized in Fig (3 
QSAR Model for 28 Bovine Lactoferricin Pentadecapeptide Analogues
A set of 28 15-residue bovine lactoferricin analogues for bovine lactoferricin -(17-31)-FKCRRWQWRMKKLGA (LFB) reported by Lejon [50] , the site-directed substitution at positions 6 and/or 8 is assayed and the resulting mutants are tested for their minimal growth inhibitory concentration (MHC) against S. aureus. The dataset samples are deemed to allow for a verification of the VSTPV with respect to its application to predict activities of unnatural peptides which comprise non-coded amino acids at the substitution positions on reports by Haug [51, 52] . Parameterized 6-and 8-positions by VSTPV, there are 12 descriptors. D-optimal algorithm was used to divide the sample set into training and test set. 18 samples were treated as training set and used to construct QSAR model while the rest 10 samples were taken as the test set (marked with '*' in Table 4 ).
Analysis on Statistical Model
SMR was used to screen variables and the variables selected in each step together with response were modeled by PLS. Results of variables selection by the stepwise multiple regressions are as Table 5 shows the VSTPV descriptor model is superior to the others. PLS regression Coefficients and VIP are summarized in Fig (6) . VIP value of 3 variables (v 1 , v 3 , and v 7 ) are more than 1.00, it is evident that these variables make important roles in their biological activities. Corresponding coefficient value for each variable indicates that structural topological properties VSTPV 3 of the 6 th , and 8 th residues make relatively high positive contribution to LFB bioactivities. On the contrary, topological properties VSTPV 1 of the 6 th , and 8 th residues make relatively high negative contribution to LFB antimicrobial potencies. So, it may obtain high biological activities LFB analogues by altering of these amino acid residues.
CONCLUSION
Structural description is critical to the success of QSARs. As it is well known, a good descriptor should contain as much chemical information relating to biological activities as possible. In this paper, a novel descriptor structural and topological scale of amino acids (VSTPV) was proposed by PCA analysis on the 85 structural and topological variables of 166 amino acids. Applying VSTPV to different peptide datasets, the constructed QSARs were stable and reliable. The results show that VSTPV is capable of representation of peptide not only for those comprised coded amino acids as cationic Antimicrobial polypeptides (CAMELs), but also composed of non-coded amino acids as bovine lactoferricin-(17-31)-pentadecapeptides (LFB) analogues. Thus, VSTPV has a promising prospect in QSARs studies for peptide analogues.
Since user-friendly and publicly accessible web-servers represent the future direction for developing practically more useful models, simulated methods, or predictors [53] , we shall make efforts in our future work to provide a web-server for the method presented in this paper.
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